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I
During May, 1961 all work on this program was
stopped and placed on a "stop hold" status
because of funding limitations. Work was dis-
continued for approximately 5 months and the
"Stop hold"' was not cancelled, allowing work to
be resumed, until mid-November, 1961. This,
then, is the first report since Mpy, 1961 on the
program status and covers all work accomplishedI since November 1961 when work was resumed,
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I
ABSTRACT

I
The purpose of this three-phase program is to evaluate the Goodyear
Aircraft Corporation developed THERM0-SIELD* concept for a high-
temperature resistant transparent plastic laminate possessing a
cast-in-place interlayer material. The THERMO-SHIEUD laminates
under evaluation in this program are of three-ply construction with
a 0.250-inch thick load-bearing face sheet of stretched MIL-P-818h
(Plexiglas 55**), a 0.125-inch thick castable interlayer designated
Goodyear Aircraft Corporation code F-3 interlayer, and a 0.250-inch

*thick thermal-barrier face sheet. Materials under consideration as
possible thermal barriers in the early part of the program included
"regular grade" and "laminating-grade as cast" MIL-P-8184A (Plexi-
glas 55) 1 Sierracin 880***, Sierracin 890 ***., Selectron 4OO ****,

B Polymer K *, plate glass, an epoxy material developed by Midwest
Research Institute, polycarbonate, and Corning Glass Works' Code
1723 high-temperature, low expansion glass, Phase I screening tests
reduced the field of potential thermal barriers to "laminating-grade
as cast" Plex 5 and epoxy. both being nearly equal in performance.
However, because the epoxy material is still in the developmental
stage, "as cast" Plex 55 has been selected as the thermal-barrier
material for Phase III testing.

The optical and fabrication feasibility study of full-scale THERMO-
SHIEUD canopies was successfully demonstrated in Phase II of the
pro,-ram,

I During the work period just ended. the entire Phase III test setup
was finished, ill pilot testing- Uo check out test equipment ;,nd test
procedi'es was performed and the first, gradient temperature destruc-
tion test on a full scale THEMO-SHIEID canopy was completed with
very successful results. A boundry layer air temperature of h550 F
with an associated canopy outboard thermal barrier outer surface
teiperature of WO0OF ixs rooehcd boPerc ibe ihii.tirl failnre was ex-
perienced.

The canopy wis pressurized throughout the test at 8.6 psi and the out-
board thermal barrier was above 260°F boundry l-yer air above 3100 F)continuously for 6- hours before a delsmination type failure at the
thermal barrier tc interlayer interfa e, occurred Pt 400OF outboard( surface temperature,

*TM, Goodyea-r Aircraft Corporation
** TM, Rohm and Haas Co.
S*A8TM, Sierracin Corporation
****TM, Pittsburgh Plate Glass Company
I - 1IL-P-FlL material (Plexiglas 55) either stretched or "as cast", isI hereafter referred tc as Plex 55

Siii
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SECTION I - INTRODUCTION

This is the ninth progress report in a program to evaluate high-temperature

cast-in-place transparent plastic laminates suitable for canopies on super-

sonic fighter aircraft. The program is divided into three sections as

follows

Phase I - Thermal and structural evaluation of proposed material

composites

Phase II - Fabrication feasibility study

Phase III - Full-scale evaluation testing of components produced

in Phase II.

Phase I of the program was concerned with the thermal and structural evalua-

tion of different types of THERMO-,SHIELD* composites. Each type of composite

was of three-ply construction with the following make-up:

1. The 0.250-inch thick load-bearing face sheet common to all test composites

was hot-stretched0 crack-propagation resistant, transparent plastics

conforming to Specification MIL-P-8184A prior to hot-stretching, with

an in'tial minimum toughness ("K" factor) of 2500 lb/in. 1.5 at 73.5 F.

2. The O.125-inch thick inter.ayer common to all test composites was

GAC code F-3 anterlayer, a transparent flexible; highetemperature

resistant :astable resin system.

3. The thermal barrier faze sheet was varied for each different type of

*TM, Goodyear Aircraft Corpcration Akron Ohio
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test composite for screening and evaluation purposes. All thermal

barriers were .250" thick, with one exception which is noted.

Potential thermal barrier materials tested are listed below$

a. Sierracin 880

b. "laminating-grade as cast" MIL-P-8184

c. "regular grade as cast" MIL-P-8184

d. Plate glass

e. Sierracin 890

f. Selectron 400

g. Polymer K (.200" thick)

In addition to the thermal barrier face sheets listed, three other potential

thermal barrier materials. only recently available, were given preliminary

Phase I screening. These materials were (1) Midwest Research Institute's

high-temperature epoxy formulation, (2) Corning Glass Worksg code 1723 high-

temperature alumino-silicate glass, and (3) polycarbonate extruded sheets.

All Phase I testing has now been completed, with Epoxy and MIL-P-8184A

"laminating grade" as cast sheet being the only two thermal barrier materials

to successfully withstand the rigors of all screening tests. Because the

epoxy material is still in the developmentAl stage and cannot be obtained in

large enough sheet sizes to fabricate the Phase III test canopies, "laminating

grade as cast" Plex 55 was selected for use as the thermal barrier face

sheet of the THERMO-SHIELD canopies to undergo Phase III static testing.

2
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Phase II of the program encompasses a fabrication feasibility study of full-

size prototype THERMO-SHIELD canopies and windshield side panels of McDonnell

F-4H design. Thus far. it has been demonstrated that full scale canopies

can be laminated with acceptable optical quality.

Phase III involves the static testing of three of the optically satisfactory

full size canopies which were laminated in Phase II.

The types of tests planned in Phase III are (1) two gradient temperature

destruction tests and (2) a long time cyclic test.

To date, one of the two gradient temperature destruction tests has been

completed. Initial test results indicate that the THERMO-SHIELD Canopy

concept will be capable of withstanding gradient temperature conditions

some what higher than anticipated.

3
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SECTION II - PROGRESS COMMENTARY

9 November 1961 thru 8 February 1962

Phase I Commentary

A. GENERAL DISCUSSION

The last portion of Phase I testing was completed and the associated

test data presented in progrej report No. 8 (reference GER 10379).

Phase II - Part I Commentary

Canopy Fabrication Feasibility Study

A. GENERAL

The crazing problem which was discussed in report No. 8 has been

solved and eliminated. All Phase III test canopies have now been

laminated and fabricated, and the results reported herein conclude

the canopy fabrication portion of Phase II.

B. CH30NOIDGICAL HISTORY OF CANOPIES LAMINATED IN PHASE II

(Continued from GER 10379, pages 10 through 15)

For a period of time while the program was on "stop hold", small

castings were attempted on a laboratory basis in an effort to solve

the crazing problem and at the same time conserve material. However,

despite numerous attemptsp the crazing phenomenon experienced in the

full size canopies cou.d not be simulated or reproduced in the laboratory

castings. Because of these laboratory resuLts, it was concluded that

Ii the crazirg phenomenon was peculiar to the size, shape, and contour of

the full size canopy and windshield scale panel, and therefore the

IL laboratory size castings were necessarily terminated.
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Immediately upon resumption of work in mid-November, the annealing tem-

perature and cycle used on the No. 4 canopy were experimentally varied and

the No. 5 canopy was laminated. Crazing again developed. The No. 3 wind-

side panel also crazed after still another annealing variation. However,

the next change in annealing procedures, coupled with a change in method

of support of the side panel during the interlayer cure cycle, resulted

in the No. 4 side panel being laminated with no sign of crazing. The

annealing temperature, cycle and method of support used on the No. 4 side

panel were then duplicated on the No. 5 side panel and again no sign of

crazing occurred. Again repeating the same amealing temperature, cycle

and method of support, the No. 6 canopy was successfully laminated

without crazing.

Crazing developed again in the No. 7 canopy, even though all pertinent

processing associated with the No. 6 canopy was thought to be exactly

duplicated (later proved not to be the case.) The No. 8 canopy was free

from crazing with the exception of one small area which developed crazing

in the top or cron section of the canopy at the point of maxiuim draw.

It was discovered at this point that in spite of exactly duplicating

annealing procedures and method of support on the No. 6, 7 and 8 canopies

and No. 4 and 5 side panels, the processing time between final annealing

and laminating had been inadvertently and significantly increased on the

No. 7 canopy. This was also true for the No. Q canopy, but to a much

lesser degree, with a corresponding reduction in the amount of crazing

I5
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which resulted. By using the processing time associated with the No. 6

canopy between annealing and laminating and by again using the No* 6

canopy annealing temperature and cycle, both the No. 9 and No. 10 canopies

were laminated successfully without crazing. Lamimting of canopies was

terminated at this point. as the required number of canopies for test

purposes had been fabricated. A tabular account of the canopies

laminated in Phase II is seen in Table I.

0
, -6-
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C. OPTICAL QUALITY OF THERMO-SHIELD CANOPIES

The optical quality of the No. 6 thru No. 10 canopies was very good and

can be considered to be slightly better than the optical quality reported

previously for the No, 3 and No. 4 canopies.

However, even though the test canopies are optically acceptable from a

distortion and deviation standpoint, it should be realized that the optical

quality of laminated transparencies must necessarily be somewhat inferior

to that of a similar monolithic transparency because of thickness variation

within the laminate and also because the indices of refraction of the

laminate face sheets and interlayer are not matched.

ThrEE oF TIE crazed canopies were cut into sections after laminating to de-

termine the uniformity of the F-3 interlayer thickness. It was found that

the interlayer thickness increased progressively toward the center area of

each canopy. Checks of the air gap between these canopy shells before

laminating indicated a rather uniform nominal thickness of .125". Since

the thickness of the interlayer after laminating had gradually increased

to at least .200" in the crown area of the canopy, it is reasoned that the

hydrostatic head created by the interlayer resin during laminating caused

the unrestrained canopy shells to spread apart during the cure cycle in

direct proportion to the variation in hydrostatic head at different levels

in the canopy. Also contributing to the problem is the fact that the mo-

dulus of the Plexig]A 55 she2ls decreases slightly at the interlayer curing

temperatures thus making the shells more succeptable to deflection under

the pressure forces of the hydrostatic head.

IL
P_8
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Even though optics in the canopies are very good, particularly in the side

areasp it is felt that optical quality has been reduced in the upper side

and top areas of the canopies because of the gradual increase in interlayer

thickness toward the top centerline. This increase in interlayer thickness

can be eliminated, however, should the optical requirements of the part

in question demand it.

All canopies in this feasibility study program were laminated without the

aid of any tooling casting fixtures or special laminating equipment. By

utilizing matched male and female holding fixtures with an indexing system

to control interlayer thickness during the laminating operation,, the

varying interlayer thickness due to the hydrostatic resin head could be

virtually eliminated. Such laminating tooling would be well within the

state of the art. being nothing more than a female forming fixture with

a male plug cast from the female mold surface. Such a system would con-

trol interlayer thickness precisely and should result in laminated parts

of excellent optical quality.

9

2
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Phase II - Part II Commentary

Windshield Side Panel Fabrication Feasibility Study

The laminating history of five windshield side panels has been briefly men-

tioned in relation to the crazing problem. In no case has a laminated side

panel even approached the degree of optical quality required for a panel with

such stringent optical requirements (790 angle of incidence from pilotb eye

position). However. the optical quality of the assembled side panels prior

to the laminating operation has been for the most part within acceptable

limits.

Interlayer thickness checks after laminating have revealed even more extreme

increases in the interlayer thickness than was the case with the canopies.

It is a virtual certainty that the optical quality required for a laminated

side paneJ cannot be achieved without the aid of a laminating fixture (such

as described for use with the canopies) to precisely maintain a uniform inter-

layer thickness.

To verify this supposition, one more side panel will be laminated to complete

this portion of Phase II. However, it will not be "laminated* in the strict

sense associated with castable interlayers. A sheet of cured F-3 interlayer

of uniform thickness has been prepared for insertion between two side panel

shells to form a three ply sandwich. Tests in the past on experimental panels

prepared in a similar manner have shown that a pseudo type adhesion can be

obtained between the outer face sheets and F-3 interlayer sheet by subjecting

the sandwich to the F-3 interlayer curing temperature and at the same time

1
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applying vacuum and autoclave pressures of 20 psi. Although the resulting

interlayer adhesion to the face sheets is inadequate for structural purposes,

such laminates can be used for optical studies.

Therefore, if this technique can be applied successfully to the side panelt it

should be possible to optically evaluate a side panel with a uniform interlayer

thickness. In this manner it could then be rationalized whether or not laminating

fixtures could be employed to precisely control the F-3 interlayer thickness to

achieve a THEMO-SHIELD side panel with acceptable optical quality.

Phase III Comentary

Full-Scale Static Testing of the Forward Canopy Configuration

A. GENERAL

The setup of all test facilities and test instrumentation was recently

finished. Pilot testing was then accoplished and Test No. 1 was com-

pleted just prior to the close of the work period. The following dis-

cussion pertains to the details of the test setup: instrumentation, test

procedures, pilot testing, Test No. 1, data reduction and a brief

analysis of initial test results.

Ii
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B. TEST FACILITIES

The setup of the test oven and refrigeration equipment described in

report No. 8 was completed soon after the start of the report period. The

crazed No. 4 canopy was trimmed and fabricated for pilot test parposes so as

to avoid damaging a good test canopy if anything should go wrong during

initial test equipment and systems checkout. After extensive preliminary

checkout and testing of all equipmentit became apparent that the heat

exchangerunit for the test oven did not have sufficient capa6ity to attain

the required test temperatures. At the time the test oven was designed. this

heat exchanger unit had been available and was, by engineering analysis,

rated at sufficient capacity (BTU's/hr) to provide the heat flux and tem-

peratures required by Phase III test specifications. However, in the actual

test setup, heat losses from convection and from hot air expansion in the

heat transfer ducting to the test chamber resulted in insufficient boundry

layer air at the canopy to raise the outboard thermal barrier surface of

the canopr to the required test temperatures. Attempts to correct the

situation were unsuccessful and it was decided to move the test setup into

an existing oven (of proven high temperature capabilities) which was made

available by necessity in the GAC Plastics production area. The canopy

interior refrigeration system and the entire instrumentation system of

thermocouple recorders - strain gage oscillograph recorders, power supplies

and bridge balance boxes were moved intact to the new test area. The

new test oven was modified to accommodate the strain gage compensating

window, observation windows and the ducting for the refrigeration

IL
I!p0 ..
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equipment. The new setupp after relocation, is seen in Figures 1

and 2. The new test oven is capable of attaining temperatures of

50O0F andi has a burner output rating of 500,000 BTU/hr.

A five horsepower circulating fan supplies .0.500 cubic feet of air per

minute (CFM) to the oven chamber which is 10 feet wide. 1 feet long and

7 feet high. The oven air velocity approximately 1 inch from the canopy

surface has been measured by means of an anemotherm and found to be in

the range of 120-250 feet per minute (FPM).

A zone check of the empty oven chamber established that a uniform tempera-

ture distribution existed within the oven of ± "'F over the temperature

range from 1OO*F to 50O'F.

C. REFRIGERATION SYSTEM FOR INTERNAL CANOPY AIR

The purpose of this cooling system is :o maintain the closed system in-

ternal air at a temperature which would simulate actual high speed (Mach

2,5+) flight conditions. The capacity of the system was determined by

thermodynami calculatior to mainitain +he inlet air at an hsi (internal

surface heat removal ra ,e: whirh would match known conditions of high

performance aircraft. The resulting test data has demonstrated the sult-

ability of the refrigeration syntem.

The mechanical refrigeration system for the inside air oP tle canopy

consists of an air compressor and evaporator coils . R 3frigerated air

is circulated thru the -anopy at approximateoLy 390 Frh nd 76 CFM. The

cooling system is of the re-,,r-)'ating type and thus is pressurized to 8.6

psi while in operaticn as d result c the canopy itself being pressurized.

2
IL 13I%.
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The pressurization system is controlled by a differential pressure con-

troller and a solenoid pressure relief valve to prevent accidental over-

pressuring of the canopy and refrigeration system.

Do TEST STAND

The canopy test stand, complete with a canopy installed and instrumeated,

was seen in Figure 2. The bulkheads of the test stand have been insulated

with Fluro-Carbon blown Polyurethane foam and the side rail and hoop areas

of the canopy have been faired in with asbestos insulating cement. The

access manhole in the bottom of the test stand is also covered with insu-

lation during testing, as are the inlet and exhaust refrigeration ducts

leading into the test stand bulkheads. Provisions have been made to slowly

circulate cold water through the base of the test stand to prevent the side

rail edge attachment from overheating during testing and, thus simulate

the heat sink of a typical canopy fraime and airplane structure. Instru-

mentation wiring inside the pressurized canopy and refrigeration system has

been routed through the refrigeration dueting and exits to the recording

equipment through a potted, pressure ti ,ht seal. External instrumentation

wiring is routed thru an insulated hoe in the oven wal, directly below

the strain gage compensating window. (not shown in Figure 2. Window

was replaced with insulation for Pilot testing).

E. TEST CANOPIES

As mentioned previously; all canopies required for Phase III testing

have been laminated. These units have been trimmed to size, routed, and

all edge attachment holes drilled per drawing 61QS281 (reference GER 10379,

i p 31). All test canopies have been fully strain gaged and wired, including

the No. 9 cyclic test anopy and No. 10 backup ranopy.

16
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A test canopy (No. 9) is seen in Figure 3, immediately prior to installa-

tion and bolting into the test stand. Close observation of Figuze 3 will

shows

(1) The right side thermal barrier clamping plates in position (note for-

ward . center and aft cutouts at top edge of plates to allow cantilever

arms on the linear motion potentiometers to extend under the edge of

the thermal barrier cutback.

(2) Step rout in as cast Flex 55 thermal barrier where aluminum hoops and

loading straps fit (reference GER 10379 pages 33 and 34).

(3) Elongated holes in lower side rail (center two are circular) for

slotted edge attachment inserts and bolts.

(4) Small circular holes in side rail above elongated holes where

thermal barrier clamping plates bolt to canopy.

(5) Orientation of the Baldwin type PA-3 strain gages at the forward,

center and aft hoop sections.

(6) Orientation of the Baldwin type PA-3 strain gages in the longitudinal

direction along the side rail.

Due to excessive air leakage during pressurization to 8.O psi, the rubber

diaphragm used to seal off all openings around the side rail bolt holes

and hoops was discarded in favor of a pressure sealing compound (Thiokol

type- Proseal PR-1221). All large openings are first filled with zinc

2 17
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chromate sealing putty. Pro-Seal PR-1221 sealing compound is then applied

over the zinc chromate putty and all other openings to completely seal

any openings which could cause leakage and loss of pressure during testing.

This sealing system has been satisfactorily used on all testing performed

to date.

F. INSTRUMETATICN

The instrumentation system consists of recording equipment to monitor and

permanently record temperatures, deflections and strains of the test canopies.

(1) Temperatures are recorded at 100 different points by means of No.

30 gage iron-constantan thermocouples on a Brown Automatic temperature

recording system. A complete sequence of 100 readings can be recorded

in 2* minutes by the system.

(2) Canopy deflections (normal to the surface) are measured by the canti-

lever beam method. The cantilever beams utilize atrain gages which

are externally powered by precision bridge power supplies. Signals

are subsequently routed through a network of bridge balance boxes,

with the output signals being recorded on light sensitive film in

an oscillograph. The film is then developed and the data reduced.

A block diagram type schemati:! of this portion of the instrumentation

is seen in Figure 4.

19
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(3) The strain gage readings are accomplished by using Baldwin type PA-3

post yield strain gages. The gages are electrically bridged and

the output signals routed in the same manner as described above in

item (2) for canopy deflections. Other details pertaining to the

exact location points of all instrumentation, etc. were presented

previously in GER 10379, pages 42-44.

Several of the cantilever beams used for measuring deflections can be

seen in Figure 5. The beams are clipped to the supporting bridge structure

by means of small c-clamps. After a test canopy has been installed and

bolted in place, the bridge support structures are raised thru the access

manhole and secured in place to the base of the test stand. The individual

cantilever beams are then clipped in places plugged into the electrical

junction cablesp adjusted to the canopy surface to ensure the proper amount

of spring tension on the canopy surface and then calibrated. Also shwn

in Figure 5 are three of the six linear-motion potentiometersused to

measure vertical displacement of the "as cast" Plax 55 thermal barrier

shell with respect to the base of the test stand.

Figure 6 is similar to Figure 5, except that a canopy has now been placed

in the test stand to show the relative positions of the instrumentation

with respect to the canopy surface. Note the cantilever arms on the

linear-motion potentiometers extending under the edge of the "as cast*

Flex 55 thermal barrier.

0
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Figure 7 shows the canopy bolted in place in the test stand with all

asbestos insulation faired in place. The hoop loading straps are beneath

the faired insulation and cannot be seen. Three cutouts have been provided

in the side rail insulation for access to the linear-motion potentiometers.

A baffle for distributing refrigerated air flow within the canopy can also

be seen near the center of the canopy.

Figure 8 is a view through the observation window in the test oven during

the latter stages of Test No. 1 (gradient temperature destruction test)

when the canopy outboard surface was at 3800F. All instrumentation can

be seen, including thermocouples and the forvard center and aft hoop

baffles for internal air distribution.

G. TEST SPECIFICATION FOR TEST NO. I - GRADIENT TEMPERATURE DESTRUCTION TEST

All test requirements and conditions have been previously discussed and

outlined in progress report No. 7 (reference GER i0378, pages 15 thru 18).

However, it is the purpose of this section to review all pertinent test

requirements and conditions in order to gain a clearer understanding of

the discussion to follow pertaining to the results of pilot testing and

Test No. 2.

During a meeting held on January 17, 1961 at GAC between BuWeps and GAC

persornel, the following general otatline ot pro:edure was established for

Phase III testingb

(1) Goodyear Aircraft Proposal (GAP) 8225 remairs the basic program guide

for Phase III testing.

4
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(2) O.250-inch thick "laminating-grade as cast" Plex 55 will be used for

the outboard thermal barrier material for all test canopies. This

decision was based on NRL wind tunnel. tests (reference GER 10378, page

9) and the comprehensive Phase I evaluation screening tests conducted

by GAC.

(3) Though GAP 8225 states that only two canopies will be tested, BuWeps

and GAC personnel concur that testing may involve t' ree or four canopies

instead of +woo

(4) Requirements for Test No. 1 - Gradient Temperature Destruction Test

The purpose of test No. 1 is to determine the apparent limiting tem-

perature gradiern: at which a THERMO.-SHIELD canopy -an sustain short-

time applications of li-mit load without failure. The test will con-

sist of stabilizing -.he anopy at successively higher temperatires

while ,u.der limit .load for 20 minutes at each temperature. Failure

will be determined by visual observation cf such phenomena as dela-

minaticn, crazing5 interlayer cra-:king; material shrinkage or *shrink

back", yellowing,. orange peel, etc. The ,h -ee psrcent material creep

limitation suggested by GAP 8'25 will no. app-2Y, principally because

it has ber -3-rmined -hat .hi pararn'er a'.no be measured ac.curately

under tbe spec;-fI.-d test ,-rnd.itions and wit' exis"ng test Instrunmen-

tation. Likewise, xridplane or interlayer temp~raure control as

suggested by GAP 822r< w..1l not app?_y. Irz- eadj inboard and outboard

temperatures w.l te contrclled and inter:.ayer temperatures will be

4 computed, Othe: ,es ;-:,2swill te - fc!cws

IL.
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(a) Outboard or thermal-barrier surface temperature will be stabilized

successively at temperatures of 260'F, 2700F, 280OF,, 290F, 3000F,

3100 F. - - - to failure.

(b) Inboard surface temperature will be maintained throughout the
0

entire test at approximately 1300F and will not exceed 160 F.

The 1600 temperature may be encountered due to the natural

temperature gradient at the higher test temperatures.

(c) The temperature of the edge attachment area will be controlled

at approximately 110 F and is not to exceed 130OF.

(d) Cockpit air pressure will be 8.6 psi.

(e) The canopy will be stabilized successively at each temperature

and held for 20 minutes at 8.6 psi and limit load. The canopy

will. be de.pressurized after the required time at each test tem-

perature, and deflection readings., etc. will be recorded before

the temperature is raised to the next increment. The canopy

will not be returned to room temperature until failure occurs.

(f) Strain gage transducers will., be used to measure deflecttons on

the inside of the 'anopies at forward center and aft hoop sections.

(g) Strain gage 7eadings will not be recorded on the outside of the

canopies because of the temperature limitations of available

strain gages. On the inside of the canopies, the strain gages

will not be exposed to temperatures above 3.60 F and can, therefore,a be cemented to the inside surface of the stretched Plex 55.

228
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Strain gages cemented to the outside surface could be the source

of premature failure at the high test temperatures expected.

(h) Temperature readings will be taken by means of thermocouples at

all points of Instrumentation and also at any other points of

specific interest.

i) Strain and deflection readingss etc. will also be recorded after

completion of cycling until the canopy and test stand have cooled

to room temperature.

H. PILOT TEST HISTORY - TEST NO. I - GRADIENT TEMPERATURE DESTRUCTION TEST

(NO. 5 THERMO-SHIELD CANOPY)

Figure 9 shows the position, relative locat1on, and identification code

of all thermocoupies which will be monitored in Test, No. i and the long

time cyclic test.

After determining that the canopy could be successfully pressurized to 8.6

psi without significant leakage., pilot testing was commenced. Instrumenta-

tion for this test was limited to the complete thermocouple monitoring

system and one longitudinal row of strain gages along the top centerline

of the canopy.

Runs No. 1 thru 16 on the No. 5 pilct test canopy were performed over a

period of several days to *bug out" and become familiar with the func-

tionality of the test setup, even and refrigeration characteristics, and

instrumentation performance.

I
IL 29P_



7'0 0.

p. r IA.P

*IOU

LI,

1-S1E Idyeat a w6LA f~q.Is

/-t 1-7'O 0
j O T'

ArL0 *p 340F 3
o9 r B i k H A lm d'/)L 3 -Y 47 0 , 217Sgo **

TAA'~o5HzL so'OP' - 3& Via*

7hcemo-slilce'o AAOP 340 low



ee@ EAR
AIRCRAFT

SECTION II - PROGRESS COMMENTARY Ga."iO632..

FPOj MR 0

3-/ 3-/ -i / 3-

.e r of R ar#i

AIlR Alitel

/0+1

5-s 5.. 5-I q

-3

PLA,',J \JIE.J

OF C jOPY )? rirv#, 4Ej')S "

Figure 9 - Schematic Diagram of Thermocouple Code Identification

System for Phase III Testing
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Pilot runs No. 15 thru 25 were then conducted in one continuous test

sequence similar to that which would be performed in Test No. 1 in order

to gain temperature soak time characteristics and to thoroughly evaluate

the adequacy of the test oven and refrigeration system under actual test

conditions*

Followingin Table II, page 33 , is a brief chronological test history

for the completion of pilot testing with the No. 5 canopy.

Figure 10 shows the locations of the initial delaminations in the No. 5

canopy and the size to which they had grown at the time testing was

terminated.

All thermocouple data collected in pilot testing and Test No. 1 has been

tabulated in Tables III thru VII. Verbal des!riptions as well as code

number identification -s included at the top of each column. Each test

run, representing 2025 minutes (after stabi±izatfon at a test temperature),

is identified in the extreme left hand ,olumn of each Table.

General observations based on correlating al1 test temperatures for the

pilot test are itemized below. Various temperatures at each point of'

delamination are seen -n Tab.1p VIII. (All interfa oe .emperatures have been

calculated and are based on inboard and outboard surface temperatures and

the resulting temperature gradients established in the .,aminate by the

surface temperatures i.

I
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(1) All delanminations were seen to start at the inner face between the

outboard as cast Plex 55 face sheet and the F-3 interlayer.

(2) No "shrink back" in the structural face sheet of stretched Plex 55

resultedp even though the stretched Plex 5$ inner face temperature

in some areas eventually reached 272 F with a corresponding inboard

surface temperature of 175CF.

(3) No failure was catastrophic and 8.6 psi pressure was still being

maintained in the canopy at the conclusion of testing.

(4) The average outboard surface temperature of the canopy was within

f 12OF of nominal test run temperatures. This temperature spread is

larger than the t 2OF spread which existed in the zone check of the

empty test chamber.

However, the air distribution and circulation is adequate even though

the installation of the massive canopy test stand and refrigeration

ducting in the chamber did slightly disrupt air distribution and cir-

culation.

5. The wide spread in inboard temperatures of the stretched Plex 55 (re-

ference thermocouple code points 6-.0 thru 8-7) was due to several

hot spots on the interior surface of the c.anopy caused by inadequate

circulation of the refrigeration a1r.

3
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Test Oven Temp. Outboard
Start of End of (boundry layer Surface

Time Run No. Run No. air) Temperature Remarks

1O:37-11:19AM Oven warmup
11:19 15 300"F 260uF
iir42 15
11:50 16 317 270'F
12:10 PM 16
1236 17 328 280°F
12-58 17
it00 18 343 290oF
1:20 18
1:23 19 355 300°F1:,43 19
1.47 20 360 310'F
z:10 ZO
215 21 370 320°F
2:32 21
z:40 Est. Start of #1

delam. at top edge
of forward hoop2.:43 22 385 3300F

z2 5o Start of #2 &#y
delaminations. The

3-05 #1 delqm. was first
discovered but had
been present for
some time

3--09 22
a.114 23 4uC 340'F
3:20 4th Delam. started
3-34 23
3:38 24 415 350°F
36z58 Start of #6

delamina ti on
4:12 24
4:20 25 345 380")F
4:415 Stop test

Table II -. Chronclc5l is + Te3. Hist~r': (;c. 5 C~nopy)
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I Delamination No.

Location in Laminate 1 2 3 4 5 6

Outboard surface temperature
of as cast Plex 55 thermal
barrier (measured by thermo-
couple) 345OF 326OF 340OF 3400F 3520F

Temperature at as cast Plex
55 to F-3 interlayer inter-
face (Calculated) 297 270 280 284 282

I Temperature at stretched Plex
55 to F-3 interlayer interface

i (calculated) 268 235 244 251 244

Inboard surface temperature
of stretched Plex 55 (measured
by Thermocouple) 200 153 166 170 15C *

I
I

* The No. 6 delainaticai was not near enough to a therwmonaple to
iicurate.y eti.ats the temperature

Table VIII - Comparison of Cancpy Face Sheet Temperatxres at Time of

Failure - PiiLt Testi ngSC Rvn No. :.5 thru No. 25

I

I
I V4,2
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Based on the results of the pilot test, and prior to conducting Test No.

19 several changes were incorporated into the refrigeration system in an

effort to eliminate the hot spots. Interior baffling was added and ad-

I justed to give better air distribution.

I Also, four small centrifugal blower fans were mounted inside the canopy.

These fans were situated to create additional air turbulence at the hot

I spots in the corner and hoop areas of the bulkheads and also along the

top aft area of the canopy. Each small fan has a capacity of about 60

CPM and creates an air velocity of about 1300 FPM at a distance of 16

I inches from the fan2s exhaust nozzle (2500 FPM in exhaust nozzle).

By adding the baffles and fans, it was possible to eliminate a carbon

dioxide cooling unit that was experimented wI th briefly during pilot

testing in an attempt to supplement the regular refrigeration system.

I. TEST NO. I - GRADIENT TEMPERATURE DESTRUCTION TEST
(NO. 8 THERMO-SHIELD CANOPY)

IFollowing in Table IX is a brief chronological test history for Test No.
1. This test was fuly instrumented with all strain gagesi deflection

beams, linear.motion potentiometers and thermocouples.

For instrumentation purpc-es, the fcllowing test sequence was necessary

during each 20 minute test run at a given temperatur'e

(1) start test run at a given temperature

I(2) take instrumentatnon readings at 8.6 psi

(3) take instrumentation readins at zero pressureI!
2h
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Test Oven Ten. Outboard
Start of End of (boundry lnyer air) Surface

Time Run No. Run No. (F) Temp (OF) Remarks

9:23 AM 26 310 260
10:19 26
10:25 27 320 270
10:49 27
10:53 28 330 280
11:13 28
11:19 29 345 290
11;43 29
11:45 30 355 300
12:09PM 30
12:12 31 360 310
1236 31
12:38 32 :jO 320

I 1:00 32
1:03 33 385 330
1:26 33
1:29 34 398 340
152 34
155 35 405 350
2:09 35
2:15 36 415 360
2:39 36
2:43 37 425 370-S3-07 37
3:10 38 438 380

3:32 38
3:37 39 448 390
3:58 39
4r02 est. start of #1

delamination at

4' 10 40 455 400 aft R. edge of hoop

4:17 #1 Delam. was first
discovered

4:35 #1 Delm. had
doubled in area

4:35 three small del.
discovered.All
about the size of
a dime

4:35 4o Stopped test

Table IX - Chronological Test History - Test N7. I (No. 8 Canopy)

I!
,4



GOOs0flEAR
AIRCRAFT

SECTION TT - PUDORES COWMNTANY

(4) repressurize to 8.6 psi for remainder of test run

(5) near end of test run, take instrumentation readings at 8.6 psi

(6) take instrumentation readings at zero pressure

(7) end test run at a given temperature

(8) re-pressurize until temperature is stabilized for next run

For purposes of simplicity all sequences have been omitted in Table IX

except for the start and ending of each test run.

All thermocouple temperatures for Test No. 1 are tabulated in Tables III

thru VII on pages 3S thru 39.

Test runs No. 26 thru 40 apply to Test No. .

Figure 10 (reference page 34 ) shows the locations of the initial dela-

minations in the No. 8 canopy and the degree to which they had progressed

at the time testing terminated,

General observations based on correlating all test temperatures for Test

No. 1 are itemized on the following page.

3
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Delamination No.
Location in Laminate 1 2 3 4

Outboard surface temperature
of as cast Flex 55 thermal
barrier (measured) by thermo-
couple 376 4OO 396 398

Temperature at as cast Flex
55 to F-3 interlayer inter-
face (Calculated) 300 326 318 322

Temperature at stretched Flex
55 to F-3 interlayer interface
(calculated) 254 282 272 277

Inboard surface temperature of
stretched Flex 55 (measured by
Thermoc ouple) 148 175 161 172

Table X - Comparison of Canopy Face Sheet Temperatures at Time of
Failure - Test No, 1

(1) All delaminations were again seen to originate at the inner face

between the outboard as cast Flex 55 face sheet and the F-3 interlayer

(2) The #2, #3, and #4 delaminations occurred at what appears to be

small dirt particles. These dirt particles appear to be in the inter-

layer but could possibly be imbedded in the surface of the as cast

Plex 55 face sheet. A- any rates these particles appear to have had

a definite bearing on all delaminations experienced thus far in the

full size canopy tests, with two exceptions. Both the #1 delamination

on the No. 5 canopy and the # delamination on the No. 8 canopy were

reasonably large when first discovered (because of their locations

and the reflections from the lights in these areas). The exact

2
44~
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location of initial failure in these two cases can only be guessed.

Although it is possible that both of these delaminations also started

at dirt particless, no conclusive evidence is available that this was

the case. It is planned to study the dirt particle phenomenon in more

detail with the aid of magnifying lenses*

(3) Again9 the stretched Plex 55 did not shrink back even though it's inner

face temperature in some areas was as high as 2800F with a corresponding

inboard surface temperature of 1730?.

(4) No failure was catastrophic and 8.6 psi pressure was still being main-

tained in the canopy at the conclusion of testing.

(5) Cooling of the inside of the canopy surface was much improved over the

pilot test. This was due to the addition of the four centrifugal

blower fans and the adjusting of baffles inside the canopy. It should

be emphasized that inboard surface tempera-ures in the range of 1300-

1600F appear to be realistic in magnitude. Accordingly, it has been

demonstrated by Test No. 1 that moderately refrigerated air circulated

thru the canopy at approximately 390 FPM average velocity and 76 CFM

will maintain the inboard boundry layer air (- inch from surface) in

the range of 80 to 1OOF. (Reference thermocouple code points 5-6.

5_7P and 5-8).

0
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(6) In both the pilot test and test No. lp the "as cast" Plex 55 theral

barrier was found to be quite soft and rubbery at the conclusion of

testing while the temperature was 400OF or over. The surface could

be and was depressed as much as 1/8 inch and no trace of the depressed

areas could be found when the canopy had returned to room temperature.

The surface of the as cast Plex 55 did not appear in any way to have

been damaged by the high temperatures encountered and no orange peel

or distortion resulted from the testing and high temperatures and

pressures encountered.

J. TEST NO. 1 - STRAIN GAGE, DEFLECTION BEAM AND LINEAR MOTION POTENTIOMETER

DATA REDUCTION

Due to the large amount of data to be evaluated and the complexity of

the analysis required. only preliminary data has been compiled to date.

All information is shown in Tables XI and XII. A schemati dLagram

showing the relative cation of all instrmentation and the identifica-

tion code is seen in Figure 11 . Thus. because of its preliminary naturep

no interpetation of the data will be attempted at this tiro

4
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SECTION III - WORK SCHEDULED FOR NEXT PERIOD

A. Phase I

1. All work completed.

B. Phase II

1. Laminate one side panel using sheet interlayer and autoclave

pressures.

C. Phase III

I Conduct Test No. 1 - second half gradient temperature destruction

test starting at 3000F.

2. Conduct long time cyclic test.

3. Reduce all test data frum Phase III.

4. Prepare Final Program report.

5. Package and ship all recuired contract items to aiWeps.

2
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